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HUMVIAN PAPILLOMA VIRAL PROTEIN EXPRESSION 
FOR USE IN VACCINE COMPOSITIONS 



This ajapplication is a continuation-in-part of co-pending U.S. patent 
applications S Serial Number 007,230, filed January 27, 1987, which is a 
10 continuation-irin-part of application Serial Number 827,313, filed February 7, 

1986, now abibandoned; and Serial Number 905,217 filed September 9, 1987, 
which is a ccontinuation-in-part of application Serial Number 842,984, filed 
March 27,19866, now abandoned. 

15 FIELD OF INVENTION 

The present invention is directed to recombinant cells, peptides, 
antibodies, corompositions and methods that can be utilized for the inhibition and 
treatment of huuman papilloma virus (HPV) infection and cell transformation. 

20 Recomhbinant cells that contain, and express, a DNA insert that encodes 

a region of aian HPV protein or a peptide induced by an HPV gene in a 
mammalian cebll are produced, such as recombinant vaccinia virus that expresses 
an epitopic reggion of the E6 or E7 nucleoprotein gene product of HPV or a 
transfected or r recombinant virus-infected, reconstructed fibroblast, epithelial 

25 cell, lymphocyiyte or tumor cell that contains and expresses a region of the E6 or 

E7 nucleoproterein gene product of HPV. Specific peptides have been prepared 
that coixesponchd to epitopic regions of HPV 16 E6 and E7 proteins and these 
peptides have i been utilized in immunogenic compositions and vaccines. 
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Therapeutic a and prophylactic methods are described for the inhibition and 
regression of T HPV infections and tumor development in patients. 

^ BACKGROUND QF THE mVENTIQN 

Work : with experimental animals,- particularly rodents, has shown that 
most tumors iiinduced by oncogenic viruses express antigens encoded by the viral 
genome, and l that immunization with these antigens can lead to rejection of a 
subsequent chsiallenge of tumor cells induced by the same virus. Although much 
10 of this work wwas done with laboratory strains of virus, such as SV40, polyoma 

virus, and Fririend, Moloney, or Rauscher murine leukemia viruses, horizontal 
and vertical trransmission of oncogenic viruses in nature has been demonstrated; 
indeed a comnmercial vaccine against virus-induced feline leukemia and sarcoma 
is now availablble. 

15 By coontrast, a viral etiology of most human cancer has not been 

demonstrated. . Possible exceptions are hepatitis virus (hepatoma), Epstein Ban- 
virus (nasophiharyngeal carcinoma), and human papilloma virus (HPV16) 
(cervical carcicinoma). However, during the past two decades it has been 
established thaiat some human tumor cells express tumor antigens, i.e.. antigens 

20 that distinguishh the tumor cells from their normal cellular counterparts. Some 

patients mounmt cell-mediated or humoral immune responses against these 
antigens (HelHlstrom et al. (1968) Nature, 220:1352; Morton et al. (1968) 
Science 162:12279-1281; Shiku et al. (1976) J. Exp, Med. 144: 873-881). 
Some of the tatargets of these immune responses are oncofetal or differentiation 

25 antigens encodded by the human genome (Hellstrom et al. (1970) Int. J. Cancer 

f:346-351). 

Until re-ecently the molecular nature of the tumor antigens was unknown, 
and the degree e of tumor specificity of the immunological reactions was unclear. 
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Attempts to utililize this information in developing cancer diagnostic assays or 
cancer therapiess have been largely unsuccessful. Because spontaneous tumor 
regressions aree extremely rare, one may also conclude that the immune 
responses demoionstrated in vitro were ineffective in vivo. For example, while 
5 antibodies and 1 lymphocytes obtained from a cancer patient may be effective in 

killing tumor ceells in vitro , the immune response of the same cancer patient is 
insufficient in vvivo to prevent tumor development. 

The devtvelopment by Kohler and Milstein of the monoclonal antibody 
technique (1975'5, Nature 256:495-497) lead to intensified searches for human 

10 tumor antigens, , because it provided the means to define such antigens, both at 

the molecular 1 level and with respect to specificity (Hellstrom and Brown, 
(1979) in The AAntieens . M. Sela, ed., Academic Press, Vol. V:l-66). 

Over thee past several years large numbers of tumor-associated antigens 
have been descnribed, most of which have been defined by mouse monoclonal 

15 antibodies (Reisisfeld and SeU, eds., (1985) in Monoylpnal Antibodies ^d 

rancer Therapv v. UCLA Symposia on Molecular and Cellular Biology, New 
Series, Vol. 27,', Alan R. Liss, Inc.' New York, pp. 1-609). Although virtually 
all of the antigigens which have been well characterized have proven to be 
oncofetal or difffferendaiion antigens, and their specificity for tumors has been 

20 found to be quaantitauve rather than qualitative, several antigens are sufficiently 

specific for neopplastic versus normal cells (generally corresponding to a factor 
of 10 to LOOO ti times) to be used as potential targets for identifying tumor cells 
and for therapy./. Human monoclonal antibodies to tumor antigens have also 
been obtained (CCote et al. (1983) Proc. Nafl. Acad. Sci. 80:2026-2030). This 

25 supports the prereviously cited evidence that some cancer patients mount an 

immune reaction n to their tumors. Many of these tumor antigens are encoded by 
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the human geienome, while in some cases these tumor antigens are the result of 
endogenous onr exogenous viral infection. 

Humami papilloma viruses are well-known infective agents that produce 
epithelial neopplasia, such as wans and papillomas, in their hosts. Common 
5 hand warts aiand plantar warts are the most frequent skin lesions in humans; 

however, sqa-uamous cell carcinomas and genital cancers in both males and 
females are alilso commonly associated with certain strains of HPV infection. 

The ^papilloma virus genome contains a double stranded, circular 
supercoiled IDNA molecule having a molecular weight of about 5,000 
10 kilodaltons (kldDa). This genome encodes between 8 and 10 proteins, this 

number being g uncertain because a function or protein product has not yet been 
assigned to eaiach of the open-reading frames (ORFs) of the genome. The ORFs 
produced earldy in replication were originally designated with an E, and those 
produced late i with an L. This designation however, has not held up, and it has 
15 been found thnat some E gene products are produced early and late in infection. 

Infectidon by HPV is strongly associated with cervical cancer and other 
anogenital canrcinomas in humans. (Zur Hausen et al. (1989) Cancer Res. 
42:4677-4681;!; Galloway et al. (1989) Adv. Virus Res. 22:125-171). One HPV 
type, HPV16,5, is commonly linked with severe dysplasias and with cervical 
20 cancers. (GGalloway et al. supra ; Ikenberg et al. (1983) Int. J. Cancer 

32:563-565). In these disorders, certain viral E genes and their protein 
products havee exhibited prominent roles. Experiments using a reporter gene 
such as chloDramphenicol acetyl transferase have shown that the E6 gene 
transactivates > the noncoding region of KPV DNA. (Phelps et al. (1988) Cell 
25 53:539-547). The E7 nucleoprotein has demonstrated a role in transformation 

and maintenanince of malignant phenotypes in mammalian cells. (Tsunokawa et 
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' al. (1986) Prooc. Natl. Acad. Sci. USA 83:2200-2203; Kanada et al. (1988) J. 
Virol. ^:610-(-613; Crook et al. (1989) EMBO J. S:513-519). 

Studies s in experimental, animals, usually mice, have shown that 
immunization ' with living or kiUed cancer cells can lead to rejection of a 
subsequent chalallenge by viable cancer cells. In many cases the target antigens 
responsible forir the protective effects have been virally encoded, but in many 
other cases the ; nature of the antigen which elicits a protective immune response 
is unknown. 

A majoDr theoretical objection to the proposed use of cancer vaccines in 
humans is thatr humans who are "vaccinated", for example, with killed cancer 
cells or cell-freree preparations, can be immunologically unresponsive. This is 
believed to oftexn occur because the tumor antigens that may be the targets of the 
immune responnse are present, albeit in trace amounts only, in some normal ceUs 
and win thus I be perceived by the immune system as "seir. Immunization 
15 against such ""self antigens could, if effective, result in an autoimmune 

response. Mostst, if not all, tumor-associated antigens detected in human tumors 
by monoclonal 1 antibodies are also present in some normal tissues, and there is 
litUe evidence i that cancer patients respond to them effectively in vivo. An 
antigen that is f foreign to the human immune system, for example, one encoded 
20 by an oncogenicic virus such as HPV16, should, on the other hand, most likely 

induce a strong j immune response. 

The use .; of recombinant DNA technology for the production of vaccines 
to protect agaiainst viial infections and cellular transformation involves the 
molecular cloroning and expression in an appropriate vector of genetic 
25 information cooding for viral proteins which can elicit an immune response 

against the prototein in the host animal. A novel approach has been described 
which is potentitially useful in the production of such vaccines. (Mackett et al. 
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(1982) Proc.:. Natl. Acad. Sd. 79:7415-7419; Mackett et al. (1984) J. Virol. 
42:857-864; ; Panicali et al. (1982), Proc. Natl. Acad. Sci. 72:4927-4931). This 
approach invivolves the use of vaccinia virus as a vector to express foreign genes 
inserted into :> its genome. Upon introduction into host animals, the recombinant 
vaccinia vinrus expresses the inserted foreign gene and thereby elicits a host 
immune respponse to such gene products. Since live recombinant vaccinia virus 
can be used a as a vaccine, this approach combines the advantages of both subunit 
and live vaccicines. 

Reconmbinant vaccinia viruses expressing antigens from foreign viruses 
have been fobund to induce resistance to challenge with the foreign viruses in 
experimental a animals. Examples include recombinant vaccinia viruses 
expressing aian HSV glycoprotein (Cremer et al. (1985) Science 228:1985), a 
rabies virus s surface antigen (Blancou et al. (1986) Nature 222:373), 
recombinant : vaccinia virus expressing either HPV16 or bovine papilloma virus 
15 proteins (Latlthe et al. (1989) in Vaccines for Sexually Transmitted Disease . A. 

Meheus and I R. E. Spiel, eds, Butlerworth & Co. pp. 166-177) and an influenza 
virus nucleopprotein (Smith et al. (1983) Proc. Nad. Acad. Sci. USA 80:7155; 
Yewdell et aid. (1985) Proc. Natl. Acad. Sci. USA 22:1785). The recombinant 
vaccinia viruois expressing influenza virus nucleoprotdn has been reported to 
20 induce specifific T cell-mediated immunity to influenza virus in immunized mice 

(Bennink et aial. (1984) Nature 211:578). In addition, using target cells infected 
with a recomoibinant vaccinia virus expressing influenza virus nucleoprotdn. it 
has been deiemonstrated that influenza virus nucleoprotein is recognized by 
cytotoxic T ccells from influenza seropositive donors (McMichael et al, (1986) J. 
25 Gen. Virol, f 67:719). Similarly, it has recently been found that human target 

cells infectecd with a recombinant vaccinia virus expressing an HSV 
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glycoprotein, a are recogni2ed by human CTL clones specific for HSV (Zarling et 
al. (1986) J. VVirol. 59:506). 

SUMMARY OF THE INVENTION 

5 

The pnresent invention is directed to recombinant cells, peptides, 
antibodies, cocmpcsitions, and methods for the inhibition and treatment of 
human papillorama virus infection and tumor initiation or progression. 

The reccombinant cells of the present invention contain a gene encoding a 

10 peptide that suiubstantially conesponds to an amino acid residue sequence of a 

peptide expressssed in response to a human papilloma virus infection, such as a 
peptide substaiantially corresponding to a region of the E6 and/or E7 gene 
product or a c chimeric peptide - compound of one or more regions of HPV 
proteins. Thihis peptide can substantially correspond to an HPV protein 

15 expressed uponn HPV infection or to a cellular peptide expressed in response to 

insertion of an i HPV gene into the mammalian cell. Recombinant cells of the 
present inventicion include botii eukaryotic and prokaryotic cells transfected or 
transformed, rerespectively, by the incoiporation of added DNA encoding a 
region of a pro-otein of human papilloma virus. Illustrative recombinant cells 

20 include bacteriria, viruses, such as vaccinia virus, mammalian cells such as 

transfected epitlthelial or fibroblast cells or lymphoid cells and tumor cells that 
encode such ann HPV related protein region, such as cervical carcinoma cells. 
Soluble proteinsis and peptides that elicit B cell and/or T cell responses are also 
included in the p present invention. 

25 Antibodjly molecules that can mimic and/or compete for binding sites 

with such proteteins and peptides are also included in the present invention. 
Particularly pre:eferred antibodies are antibodies to peptides corresponding to 
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specific regiorons of the HPV16 E6 and/or E7 proteins and anti-idiotypic 
antibodies to thdiese anti-peptide antibodies, 

Compos)sitions of the present invention contain recombinant cells, 
antibodies and/l/or peptides as described above, and preferably recombinant ceils 
5 and/or peptidess which express an epitopic. region of an E6 or E7 nucleoprotein 

of human pappilloma virus. The compositions of the present invention are 
preferably imnmunogenic compositions that are capable of eliciting an 
immunologicalllly protective response in a recipient. 

The desescribed recombinant cells, peptides, and compositions are utilized 
10 in methods for r inhibiting and treating HPV infection and tumor initiation and/or 

progression. ] In a method of the present invention for the treatment of a 
condition resubltant from human papilloma virus infection, a therapeutically 
effective amourant of a composition containing a recombinant cell and/or peptide 
of the present i invention is administered to a patient for a time period sufficient 
15 to inhibit the ftfurther progression of this condition. 

A prop^)hylactic method for inhibiting tumor initiation following the 
detection of huiuman papilloma virus infection is further contemplated. In this 
method, a theierapeutically effective amount of a composition of the present 
invention is adriministered to a patient in order to elicit a protective response in 
20 that patient thatat inhibits tumor initiation in the virus-infected cells. The present 

invention is fuurther directed to a method of inhibiting human papilloma virus 
infection in a p patient. In this method a sufficient amount of an immunogenic 
composition is s administered to a patient to effectively elicit an immunologically 
protective respoonse in the patient to inhibit infection by human papilloma virus. 
25 The immmunogenic composition can also be formulated to contain 

recombinant ce:ells that express an epitopic region of an HPV protein. For 
example, such i compositions can contain a non-tumorigenic cell that is major 
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histocompatibilOity complex (MHC) class I positive, into which a gene encoding 
an immunogenioic region of an HPV protein has been inserted. The recombinant 
cell of this comoiposition can then be administered to a pauent to facilitate tumor 
rejection by eliciciting an immunogenic response to the expressed peptide region, 
5 which is also exxpressed in the tumor cells. 

The imn^munogenic composition can also be formulated as a viral vaccine, 
in which case tithe immunogen comprises a recombinant virus that expresses an 
epitopic region i of a protein of the human papilloma virus. Depending upon the 
nature of the rerecombinant virus used as tiie immunogen, either an inactivated 
10 virus vaccine ( or a live virus vaccine can be formulated. Appropriate 

immunization wwith the vaccine formulation or immunogenic composition of the 
present inventiojon can result in the induction of an immune response which leads 
to the destructidon of tumor cells expressing an HPV epitopic region as weU as 
inhibiting HPV / infection, in the immunized subject. Preferred recombinant 
15 cells of the presesent invention include vaccinia virus encoding and expressing an 

epitopic region i of either tiie E6 or E7 HPV16 nucleoprotein, and epithelial, 
fibroblast, lymplphoid, blood cells, and tumor cells transfected with die E6 or E7 
HPV16 gene. 

Still furthther advantages and benefits of the present invention will become 
20 apparent to thoose skilled in the art in the following detailed description, 

examples and cldaims which follow. 

DESCRIPTION OF DRAWINGS 

25 In the drawings; ;: 

FIGTJREE 1 illustrates the cloning of the HPV 16 E6 open reading frame 
into two expressision vectors. 
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A. The E6 open reading frame (ORF) was removed from HPV16 
full length DDNA and cloned as a blunt-ended Ddel fragment into vaccinia 
expression vaector pGS 62 which had been cut with Smal. 

B. The E6 ORF was cloned in pIC 20H to introduce a Hind III site 
5 at the 5' end i for directional cloning downstream of the CMV promoter in the 

pCDM8 expnression plasmid as described hereinbelow. There are 58 base pairs 
at the 5' and i 98 base pairs at the 3' end of the E6 ORF which are untranslated, 

FIGTJIIRE 2 illustrates the cloning of the HPV16 E7 open reading frame 
10 into two expreression vectors. 

A. ThTie E7 open reading frame was cloned from the full length HPV16 
DNA as a TaiaqI, PstI fragment into pIC 20R which had been cut with Clal and 
Pstl. The E7 7 ORF was subcloned into the vaccinia expression vector pGS 62 at 
the EcoRI sitete. 

15 B. Thihe E7 ORF was cloned into the pIC 20H vector to introduce a Hind 

ni site at the i 5' end of the gene and was placed under the control of the CMV 
promoter in 1 the pCDM8 vector. There are 56 base pairs of untranslated 
sequence 5' tao the E7 ORF and 24 base pairs 3' to the E7 ORF. 

20 nGUDKE 3 illustrates the autoradiography of radioimmunoprecipitations 

of lysates fraom cells infected by two different plaque purified recombinant 
vaccinia virustses expressing the E6 protein of HPV16. 

The v,vaccinia lysates were prepared as described in EXAMPLE 5. 
Radioimmunopprecipitations were performed and the precipitates were 

25 electrophoreseed. Lanes I, 3, and 5 show the results obtained using rabbit 

antisera to Efi6 (provided by D. Lowy), lanes 2, 4, and 7 with normal rabbit 
serum and laruie 6 with rabbit antisera to E7 (a 16 E7 NP). The antigens are 
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noted above theie lane numbers. The lysates were prepared from labelled infected 
cells, and the elelectrophoresis gel was 17.5% polyacrylamide. 

FIGURXE 4 illustrates the autoradiography of recombinant vaccinia 
5 lysates precipititated with rabbit antisera against either the E6 or the E7 

nucleoproteins c of HPV16. 

The vacccinia recombinant-infected cells were labelled for one hour with 
35s.Cys and 35;5s-Met. The infecting virus is noted above the lane numbers. 

20 The radioimmuiunoprecipitates were loaded such that lanes 1 and 5 show the 

results obtained d with and-HPV16 E6 rabbit serum (D. Lowy), lanes 2, 4 and 7 
show the resultsts obtained with normal rabbit serum; and lanes 3 and 6 show the 
results obtained d with al6 E7 NP. The position of standard stained molecular 
weight markers s are noted on the right side, while the position of E6 and E7 are 

15 noted by the leftft arrows. 

HGUREE 5 illustrates a pulse-chase study of the stability of the E7 
protein. 

Vaccinia a virus infected ceils were pulse labelled for 1 hour as described 
20 hereinbelow witJlth s^s-Cys and ^Ss-Met, then incubated with unlabelled medium 

for the time peririods shown above the lane numbers. The infecting virus (vNY 
or vHPV16/E7)0 is listed above the time identifications. After the indicated 
periods of timme, the cells were lysed and maintained at 0-4" C for 
radioimmunoprefecipitation analysis on a 17.5% acrylamide gel. The odd 
25 numbered lanesis represent al6 E7 NP precipitation products, while the 

even-numbered lanes represent normal rabbit serum immunoprecipitadon 
products. Moleccular weight markers are indicated on the right. 
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FIGUIIRE 6 illustrates radioimmunoprecipitation of the E7 gene product 
expressed in i COS cells transiently transfected with pCDM8-E7 mammalian 
expression plslasmid. 

5 Lanes s 1 and 3 show the banding pattern obtained for proteins 

precipitated wwith rabbit anti-Tip E/E7, 

Lanes s 2 and 4 show the banding pattern obtained for proteins 
precipitated wwith normal rabbit serum. 
N = > Nuclear fraction. 
10 C = CCytosol fraction. 

A. V&^accinia E7 recombinant lysate was used as positive control for E7 
protein. 

B. pCCDMS E7 transfected COS cells. 
15 C. UiJntransfected COS cells. 

FIGUIJKE 7 illustrates the amino acid residue sequences for the HPV16 
E6 and E7 nuaicleoproteins 

20 FIGIIIIRE 8 illustrates the titration of two monoclonal antibodies against 

peptide 359 ofaf the HPV16 E7 protein. The open squares show hybridoma clone 
#14, the closeted squares show hybridoma clone #10. 

FIGUIIRE 9 illustrates Western blots of the titration of antisera against E6 
25 peptides. Antiti-E6 peptide sera taken 3 days post-boost from rabbits immunized 

with peptide t from the E6 ORE were titrated on Western blots against the 
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homologous spoecific Tip fusion protein (16 E6 DS) only. The numbers (1) and 
(2) indicate two o different rabbits immunized with the same peptide. 

FIGUREE 10 illustrates Western blots of the titration of antisera against 
5 E7 peptides. AAnti-E7 sera taken 3 day post-boost from animals immunized with 

peptides from tithe E7 ORF were titrated on Western blots against the specific 
Tip fusion protetein (16 E7 NP). The numbers (1) and (2) indicate two different 
rabbits immunizized with the same peptides. 

FIGUREE 11 illustrates Western blots of two dilutions of antisera against 
E6 and E7 peptitides. Sera from rabbits immunized with an E6 or E7 peptide 
were tested by \ Western blotting against the specific Trp fusion protein and the 
Trp E vector ge;ene product to demonstrate that the reactivity in the serum was 
specific for the ; HPV16 E6 or E7 protein. The highest serum dilutions were 
15 selected to be naear the endpoint of reactivities based upon previous titrations. 

The specicific peptide (by number) used as the immunogen is Usted above 
each set of nitroocellulose lanes; the antigen in each lane is denoted at the top of 
the gel and the t two dilutions of the serum used are shown at the bottom under 
the brackets. M 4 indicates prestained molecular weight markers. Serum samples 
were drawn abouut 1 week after the first or second boost for use in these studies. 
Antisera a358, c a360 and a361 were obtained one week after the second boost. 
Antiserum a359 ? was obtained one week following the first boost. 



20 



25 



FIGUREE 12 illustrates the recognition of E7 native protein by anti-E7 
peptide anUsera. ,. Anti-peptide 359 antisera from rabbits bled one week after the 
first boost were 6 used in a radioimmunoprecipitation assay on 35s.methionine 
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and 35s-cysteteine labelled vaccinia E7 recombinant-infected cell lysates. The 
control al6 1 E7 NP (lane 1) precipitates a band of 17-18 kDa, the rabbit sera 
Ganes 3 and 4 4) similarly precipitate a band of the same molecular weight, while 
the 0360 senrum (Lane 2) fails to precipitate an E7 band. Molecular weight 
5 markers are s seen at the right. 

FIGUDRE 13 illustrates RT-PCR analysis of cytoplasmic RNA from 
HPV16 E7 transfectants. Lanes contain (from left to right) pCDM8/E7 
plasmid, as i a positive PGR control; cytoplasmic RNA from N7.4 and N7.2 
10 cells, respectctively, which are NCTC 2555-derived HPV16 E7 transfectants; 

NCTC 25555 cells, as a negative control; E7C3, which is an M2 
melanoma-delerived HPV16 E7 transfectant; and M2 melanoma cells as a 
negative contatrol (par). Standard base pair markers are seen on the left. 

15 FIGUDRE 14 illustrates the growth of E7C3 tumors in C3H/HeN mice. 

In panel A, i mice were immunized prior to tumor cell inoculation with NCTC 
2555 fibroblalasts that have been transfected with either the HPV16 E7 (N7.2 and 
N7.4, open t triangles, and closed circles, respectively) or HPV16 E6 (N6,8, 
open circles) ) gene. Panel B illustrates control studies that were carried out by 

20 inoculating nmice with either phosphate buffered saline (PBS, open squares) or 

NCTC 2555 ) fibroblasts transfected with human melanoma antigen p97 (CL19, 
closed trianglgles), relative to immunization of the mice with N7.2 cells prior to 
E7C3 tumor r cell inoculation. Panel C illustrates the tumor growth of the 
parental M2 1 melanoma cells (par) in mice immunized with E7-transfected 

25 NCTC 2555 1 fibroblasts (N 7.2). 
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PIGURRE 15 illustrates the effect of anti-CD8 antibody treatment on 
tumor growth i in mice immunized with N7.2 cells. Following immunization, 
mice were injaected with either anti-CD8 antibodies (closed circles) or anti-CD5 
antibodies (opoen triangles) prior to administration of E7C3 tumor cells. 

FIGURRE 16 illustrates a flow cytometric analysis of CD4 positive and 
CDS positive sispienocytes from mice treated with and-CD8 monoclonal antibody 
(right panels) o;or with anti-CD5 monoclonal antibody Geft panels). 

DDETAILED DESCRIPTION OF THE INV ENTION 

The preresent invention is directed to recombinant cells, peptides, 
antibodies, corompositions, and methods that are useful for the inhibition and 
treatment of h human papilloma virus infection and tumor initiation. The 
recombinant ce:ells contain a DNA construct encoding a region of an HPV 
protein, prefera^bly E6 and/or E7 HPV nucleoprotein. These recombinant cells 
express an epitctopic region of a peptide substantially corresponding to a peptide 
expressed in a r mammalian cell in response to the insertion of an HPV gene into 
the mammaliann cell, such as by HPV infection or recombinant means. In a 
preferred embibodiment, peptides of the present invention substantially 
correspond to alabout 8 to about 30 amino acid residue regions of HPV proton. 
In a particuiarlrly preferred embodiment the peptides of the present invention 
substantially caorrespond to a region of the HPV16 E6 or E7 protein, and 
specifically to ) an epitopic region capable of eliciting an immunological 
interaction withh an antibody and/or T-cell surface molecule when administered 
to a host. Thlie present invention also encompasses compositions of these 
recombinant ceells, and peptides that can be utilized as immunogenic 
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compositions, , immunotherapeutics or vaccines for treatment of patients. 
Antibody molelecules that can compete for binding sites with these peptides are 
also contempblated herein. Specifically, antibody molecules against binding 
regions of thoe HPV16 E6 and/or E7 proteins, and anti-idiotypic antibodies 
5 against these i antibodies, are produced that compete for HPV binding sites on 

normal and t tumor cell proteins, such as the retinoblastoma gene product 
(RBI 05) whicfch binds to the HP VI 6 E7 protein. The present invention is further 
directed to mmethods of inhibition and treatment of human papilloma virus 
infection and 1 oncogenesis. Specific methods of the present invention are 
10 directed to theie treatment of a condition resultant from HPV infection, and to a 

prophylactic r method to inhibit tumor initiation and progression from cells 
following the » detection of HPV infection. A further aspect of the present 
invention is diJirected to a method of inhibiting HPV infection in a patient. 

15 

I. Definitirions 

In ordfder to more clearly describe the present invention and. its 
embodiments, , the following definitions are included. 
20 "Translsfection", as used herein, is the acquisition of new genetic markers 

by incoiporatidon of added DNA into eukaryotic cells. 

"Transisformation", as used herein, is the acquisition of new genetic 
markers by inacoiporation of added DNA into prokaryotic cells. 

"Oncoggenesis", as used herein, is the cellular acquisition of a neoplastic 
25 phenotype leadding to uncontrolled cell proliferation. 

"Cloniiing vector", as used herein, is any plasmid or virus into which a 
foreign DNA i; may be inserted to be cloned. 

**Plasmhid", as used herein, is an autonomous self-replicating extra- 
chromosomal c circular DNA. 
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"Open I Reading Frame" (ORF), as used herein, is a DNA sequence 
which is (pote^ntially) translatable into protein. 

"Helpesr vims", as used herein, is a virus that provides functions absent 
from a defecti\ive virus, enabling the latter to complete the infective cycle during 
5 a mixed infectition. 

"Gene ( (cistron)", as used herein, is the segment of DNA that encodes 
the sequence ot)f a peptide chain; it can include regions preceding and following 
the coding regigion (leader and trailer) as well as intervening sequences (introns) 
between indivicidual coding segments (exons). 
10 "Expresjssion", as used herein, is the process undergone by a structural 

gene to producice a peptide or protein. It is a combination of transcription and 
translation. 

As usedd herein, the term "clone" describes any number of identical cells 
or molecules wivith a single ancestral cell or molecule. 
15 As usedd herein, the term "base pair" (bp) is a partnership of adenine (A) 

with thymine (IT), or of cytosine (C) with guanine (G) in a DNA double helix. 

As used i herein, the term "expression vector" is any plasmid or virus into 
which a foreign n DNA may be inserted and/or expressed. 

As usedd herein, the term "downstream" identifies sequences proceeding 
20 further in the diiirection of expression; for example, the peptide coding region of 

a gene is downsistream from the initiation codon or in the 3' direction away from 
the gene; upstre'eam is 5' to the sequence in question. 

As used i herein, the term "polymerase chain reaction" (PGR) refers to 
the amplificatioion of DNA molecules by the successive use of a temperature 
25 stable DNA pohlymerase to copy the DNA chain, separating the complementary 

chains by heatiring, adding primers and repeating the process about 30 times to 
produce approxicimately 10^ copies of the DNA. By use of the PGR technique, 



SUBSTITUTE SHEET 



wo 92/05248 PCT/ US 9 1/07081 

-IS- 



minute amouiunts of DNA can be amplified to produce sufficient DNA for use in 
various proceedures. 

The ttterm "inoculum" in its various grammatical forms is used herein to 
describe a coomposition containing a recombinant cell or peptide of this invention 
5 as an active i ingredient used for the preparation of antibodies or elicitation of T 

cells against I human papilloma virus infected/transformed cells. When a peptide 
is used to irinduce antibodies it is to be understood that the peptide may be 
infrequently t used alone, and more often linked to a carrier or in combination 
with other ^components but for ease of expression these alternatives will not 
10 always be expcpressed hereinafter. 

Inocubla may also include an adjuvant. Adjuvants such as complete 
Freund's adjijuvant (CFA), incomplete Freund*s adjuvant (IFA) and alum are 
materials welell known in the art and are available commercially from several 
sources. 

15 Indiviiddual inocula are readily prepared with CFA or IFA. For example, 

an amount o:of recombinant cell or peptide conjugate sufficient to provide the 
desired amou)unt of recombinant cells and/or peptide conjugate per inoculation is 
dissolved in 1 PBS (at about 0.5 ml) at pH 7.2. Equal volumes of CFA or IFA 
are then miiixed with the solution to pro\ide an inoculum containing the 

20 recombinant i cells and/or conjugate, water and adjuvant in which the water to oil 

ratio is 1:1. . The mixture is thereafter homogenized to provide the inoculum. 
The volume i of the inoculum so prepared is typically greater than 1 ml, and 
some of the i recombinant cells and/or peptide conjugate, PBS and adjuvant may 
be lost durinpg the emulsification. Substantially all of the emulsification that can 

25 be recovered d is placed into a syringe, and is then introduced into the animals as 

discussed henreinbelow. The amount of inocula introduced into an animal, such 
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as a rabbit onr mouse, should be at least about 90% of that present prior to the 

emulsificationn step. 

In inoocula of the present invention both recombinant cells and peptides 
may be includided either alone or conjugated to a carrier protein such as keyhole 
limpet hemocK^yanin (KLH) plus a physiologically acceptable diluent such as 
water or PBS 5 along with an adjuvant. KLH is an acceptable carrier for use in 
animals, but j it is quite costly to use on a commercial scale. The use of 
alternative canrriers including soybean agglutinin, aluminum hydroxide (alum), 
bovine serum a albumin (BSA), ovalbumin, peanut agglutinin, tetanus toxoid and 
poly-L-lysine i is also contemplated. Saponin, a plant produced glycoside, is also 
a well knowmi adjuvant available commercially from Berghausen Chemical 
Company, Cirincinnati, Ohio, as a 5% solid solution, and can be used herein 
along with aluwrninum hydroxide. 

The abcbove inocula stock solutions are illustrative of the inocula of this 
invention. AAs demonstrated herein, they can be used to produce antibody 
molecules or eelicit T cells that immunoreact with the recombinant cells and/or 
peptides of the e present invention. 

The tenrm "immunogenic composition" in its various grammatical forms 
is used herein i to describe a type of inoculum containing a recombinant cell or 
peptide of this s invention, that is, an active ingredient that is used to induce an 
active immunitjty in a host animal. In a preferred embodiment, an immunogenic 
composition of »f the present invention can be a vaccine. Since active immunity 
involves both tithe production of antibodies and the eiicitation of a cell-mediated 
immune responnse, a vaccine and an inoculum may thus contain identical 
ingredients, butut their uses are different. In most cases, the ingredients for a 
vaccine and foibr an inoculum are different because many adjuvants used for 
animals may noiot be used in humans. 
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The re;elatively small pqiddes used in the studies of the present invention 
were synthesisized using the solid-phase method of Merrifield, (1963) J. Am. 
Chem. Soc. \ 55:2149-2154, incorporated herein by reference, on an Applied 
Eiosystems Pe'eptide S>Tithesizer, Model 430A. An additional cysteine residue 
5 was inserted i into the sequence at either the C- or N-terminus, After cleavage 

from the resirin and deprotection, the peptides were purified by reversed-phase 
high performaiance liquid chromatography. Prior to their use as immunogens the 
peptides weree coupled, through their cysteine residues, to KLH by use of the 
bifunctional i reagent sulfosuccinimidyl 4-(N-maleimidomethyl) cyclohexane- 
10 i-carboxylate.s. 

The teierm "synthetic" as used herein refers to a peptide molecule that has 
been built upp by chemical means, that is, chemically synthesized, rather than 
being preparecd by a biological means such as by genetic engineering techniques. 
Vaccinines and immunogenic compositions used herein contain the stated 
15 amount of pepptide alone, recombinant cells, conjugates or combinations thereof. 

These immuninogenic compositions also contained a physiologically tolerable 
diluent such aas water or saline, further typically including an adjuvant, such as 
complete Freu:und*s adjuvant and incomplete Freund's adjuvant. 

Immuntnogenic stock solutions were prepared with IFA or CPA' as 
20 follows: An a amount of the synthetic peptide conjugate and/or recombinant cells 

sufficient to ; produce the desired amount per inoculation was dissolved in 
phosphate bufiffered saline (PBS). Equal volumes of CPA or IFA were then 
mixed with tUhe solution to provide a composition containing the cells and/or 
peptides, wateter and adjuvant in which the aqueous-to-oil ratio was 1:L The 
25 mix was there.-eafter homogenized to provide the stock solution. 

As use;ed herein, an "epitopic region" is a structural domain, such as a 
specific aminao acid residue sequence or peptide fragment, of a molecule that is 
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capable of c eliciting a specific immunological interaction with antibody 
molecules or 1 T cell surface molecules in a host. An epitopic region can contain 
one or more aantigenic determinants and/or immunogenic determinants. 

The teterm "antigenic determinant" as used herein, designates the 
5 structural comnaponent of a molecule that is responsible for specific interaction 

with correspoonding antibody (immunoglobulin) molecules or T cell surface 
molecules elicicited by the same or related antigen or immunogen. 

The tecrm "immunogenic determinant", as used herein, designates the 
structural compponent of a molecule that is responsible for the induction in a host 
10 of an antibody y or T cell surface molecule containing an antigen combining site 

(idiotjpe) that I binds with an immunogen when used as an antigen. 

The teierms "anti-idiotype" and "ahti-idiotypic antibody" are used 
interchangeabljly herein, and refer to an antibody whose antigen binding site 
specifically biiinds to the idiotype of the primary antibody prepared against a 
15 particular antigigen, such as a papilloma virus antigen, such that the anti-idiotypic 

antibody compoeies for the binding pf the primary antibody to the andgen. 

The lenrm "antigen", as used herein, refers to an entity that is bound by 
an antibody or>r a T cell surface molecule which develops in response to the 
presented structctural component. 
20 The temrm "immunogen", as used herein, describes an entity that induces 

antibody or sp&ecific T cell production responses in the host animal. 

The tenrm "unit dose" refers to physically discrete units suitable as 
unitary dosagesss for animals, each unit contains a predetermined quantity of 
active material ( calculated to produce the desired therapeutic effect in association 
25 with the requireed diluent; that is, a carrier or vehicle. The specifications for the 

novel unit dose;e of this invention are dictated by, and are directly dependent 
upon, (a) the u unique characteristics of the active material and the particular 
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therapeutic efeffect to be achieved, and (b) the limitations inherent in the art of 
compounding g such active material for therapeutic use. 

As ustsed herein the term "effective amount" means an amount sufficient 
to beneficialljly inhibit the infection and/or tumor initiation of cells in response to 
5 an HPV infefection. The effective amount for a particular patient may vary 

depending onn such factors as the state of the infection, the overall health of the 
patient, the mmethod of administration, the severity of side effects, and the like. 

The teterm "correspond" in its various grammatical forms, as used herein 
and in the cldaims in relation to peptide sequences means the peptide sequence 
10 described pluais or minus up to 3 amino acid residues at either or both of the 

amino and ccarboxy termini and containing only conservative substitutions in 
particular amiiino acid residues along the peptide and/or polypeptide sequence. 

The teterm "conservative substitution" as used above denotes that one 
amino acid reresidue has been replaced by another, biologically similar residue. 
15 Examples of»f conservative substitutions include the substitutions of one 

hydrophobic residue such as He, Val, Leu, or Met for another, or the 
substitution o:of one polar residue for another such as between Arg and Lys, 
between Glu a and Asp or between Gin and Asn, and the like. 

In somme instances the replacement of an ionic residue by an oppositely 
20 charged ionic c residue such as Asp by Lys has been determined conservative in 

the art in theiat those ionic groups are thought to merely provide solubility 
assistance. Inii general, however, since the replacements discussed herein are on 
a relatively sishort synthetic peptide region, as compared to a whole protein, 
replacement oof an ionic residue by another ionic residue of opposite charge is 
25 considered heierein to be a "radical replacement" as are replacements by nonionic 

and ionic resicidues, and bulky residues such as Phe, Tyr or Trp and less bulky 
residues such a as Gly, He and Val, 
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The tenrms "nonionic" and "ionic" residues are used herein in their usual 
sense to desigignate those amino acid residues that either bear no charge or 
normally bear r a charge, respectively, at physiological pH value. Exemplary 
nonionic residdues include Thr and Gin, while exemplary ionic residues include 
5 Arg and Asp. 

n. Descriptption of Preferre d Embodiments 

The inlnhibition and treatment of human papilloma virus infection, 

10 oncogenesis anoid tumor initiation in patients are aims of the present invention. 

The demonstra:ation of the expression of papilloma proteins and peptides in 
infected cells h;has encouraged the present inventors to develop the recombinant 
cells, peptides a and methods described herein. 

Recombibinant cells of the present invention contain a gene insert that is 

15 substantially sirimilar to a DNA region from a human papilloma virus. In one 

embodiment, thJie gene insert encodes a region of the E6 and/or E7 nucleoprotein 
of HPV16, Inn a particularly preferred embodiment, an epitopic region of the 
E6 and/or E7 j protein is expressed. In another embodiment, the gene insert 
induces the exppression of a cellular protein in a recombinant mammalian cell 

20 containing this § gene insert. 

The pressent invention contemplates expression systems for HPV-induced 
protein regions. s and include viruses such as vaccinia virus and adenovirus, 
fibroblasts such;h as COS monkey cells and human keratinocytes, tumor cells 
such as CaSkid cervical carcinoma cells, and melanoma cells, and other 

25 mammalian celklls such as epithelial cells, and lymphoid cells. In another 

embodiment, ceiells which are MHC class I positive, and which preferably are 
non-mmorigenidc, are transfected with a gene encoding a region of an HPV 
protein. In a p.particularly preferred embodiment, a gene encoding a region of 
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the HPV16 £66 and/or E7 protein is inserted into these MHC class 1 positive 
cells or is exppressed upon infection with a recombinant virus containing these 
genes, and an i immunogenic composition containing these cells are administered 
to a patient haiaving an HPV16 induced tumor as a method of facilitating tumor 
regression. SSuch tumor regression can be in response to the induction of an 
immunologicalal response in the patient by the immunogenic cells and this 
response is theien directed against the tumor. 

The reccombinant cells of the present invention are expression systems, or 
cells, that corantain an inserted gene construct encoding a region of an HPV 
protein. Dlusistrative expression systems, or ceUs, in the present invention 
include viruseies such as vaccinia virus, amphitropic retroviruses, adenovirus, 
poliovirus ancid other viruses that can be administered to patients in a 
non-pathogenidc manner, such as in an immunogenic composition or a vaccine, 
and cells capafable of infection, transfection or transformation with an HPV gene 
such as peiipipheral blood lymphocytes, and epithelial cells. The present 
invention contctemplates all cells that are capable of integrating and expressing a 
region of a huuman papilloma virus gene. Some variations in the amino acid 
residue sequennce of the expressed gene product that do not significantly 
diminish immuunogenicity are contemplated in this invention, as well as specific 
peptide fragmaents having similar amino acid residue sequences to region of E6 
and E7. 

In one 5 embodiment the gene constructs of the present invention are 
prepared by clcloning an ORF corresponding to a region of a human papilloma 
virus nucleoprcrotein, such as the E6 or E7 proteins of HPV16, from a plasmid 
containing a lalarger portion of the HPV16 genome by restriction endonuclease. 
The restriction n fragments are then cloned into expression vectors by standard 
molecular bioldogy procedures, such as those described in Ausubel, F. M. et al. 
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(1990) Current I Protocols in Molecular Biology (Greene Publishing Assoc. and 
Wiley Interscieience) and Maniatis, T. et al. (1982) Molecular Cloning: A 
T^horatorv Manriual (Cold Spring Harbor Laboratory, NY). 

The exppression vector containing the desired ORF is then lurther 
processed and inserted into the genome of a host cell to produce the 
recombinant cellll of the present invention, such as by homologous recombination 
or integration fcforced by selective pressure; or introduced by viral infection of 
the cells. 

The partrdcular site chosen for insertion of the selected ORF fragment 
into the cloning i vehicle to form a recombinant DNA molecule is determined by 
a variety of factctors, known by one skilled in the art, such as size and structure 
of the peptide oor protein to be expressed, susceptibility to degradation of tiie 
gene product by y the host cell and location of standard stop codons. 

In a panrticularly preferred embodiment, a host cell of the present 
invention is a va^accinia virus. Vaccinia virus contains a linear double-stranded 
DNA genome oof approximately 187 kilobase pairs and replicates within the 
cytoplasm of inhfected cells. These viruses contain a complete transcriptional 
enzyme system ( (including capping, methylating and polyadenylating enzymes) 
witiiin the virus s core that are necessary for virus infectivity. Vaccinia virus 
transcriptional i regulatory sequences (promoters) allow for initiation of 
transcription byy vaccinia RNA polymerase but not by host cell KNA 
polymerase. 

Expressioon of foreign DNA in recombinant vaccinia viruses requires the 
ligation of vaccirinia promoters to protein-coding DNA sequences of the foreign 
gene. Plasmid v vectors, also called insertion vectors, have been constructed to 
insert foreign g^enes into vaccinia virus. One type of insertion vector is 
composed of: (;(a) a vaccinia virus promoter including the transcriptional 
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initiation site; ; (b) several unique restriction endonuclease cloning sites located 
downstream frfrora the transcriptional start site for insertion of foreign DNA 
fragments; (c) ) nonessential vaccinia virus DNA (such as the TK gene) flanking 
the promoter aiand cloning sites which direct insertion of the foreign gene into the 
homologous naonessential region of the vims genome; and (d) a bacterial origin 
of replication a and antibiotic resistance marker for replication and selection in E. 
coli. Examplesjs of such vectors are described by Mackett (Mackett et al. 1984, 
J. Virol. 42:85:57-864). 

Recombbinant vaccinia viruses are produced after recombinant bacterial 
insertion plasismids, containing the foreign gene, are tiansfected into cells 
previously inflected witii vaccinia virus. Homologous recombination takes place 
within the infeected cells and results in the insertion of a foreign gene into the 
viial genome.;. The infected cells can be screened using immunological 
techniques, D>NA plaque hybridization, or genetic selection for recombinant 
15 viruses which s subsequently can be isolated. These vaccinia recombinants retain 

their essential f functions and infectivity and can be constructed to accommodate 
approximately 35 kilobases of foreign DNA. Foreign gene expression can be 
detected by exacamining RNA levels using Northern blotting or dot blotting and 
nucleic acid hylybridization or by examining protein levels using immunological 
assays (for < example, radioimmunoprecipitation, radioimmunoassay, or 
immunoblottingig). 

Peptidesa and peptide-conjugates of the present invention contain amino 
acid residue seequences that substantiaUy correspond to regions of expressed 
HPV proteins.;. The peptides preferably correspond to tiiose regions of 
25 HPV-induced i proteins expressed in the recombinant cells of tiie present 

invention. Panrticularly preferred peptides correspond to epitopic regions of 
HPV 16 E6 annd/or E7 proteins. The peptides can be prepared by either the 
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solid phase syninthesis method of Merrifield, referred to above, or by standard 
genetic engineeiering methodology. 

Composisitions containing recombinant cells and/or peptides of the present 
invention are uiutilized as immunogenic compositions, vaccines and therapeutic 
5 compositions. In one embodiment, a composition containing a recombinant 

vaccinia virus t that expresses an epitopic region of the HPV16 E7 protein is 
utilized as an immmunogenic composition that can elicit a protective response in a 
patient to HPV J infection and/or tumor initiation. 

The conanposidons of the present invention contain, in addition to the 
10 recombinant ce-ells or peptides described herein, a physiologically tolerable 

diluent such as s water or saHne, and further typically include an adjuvant, as 

described hereinin above. 

The presesent invention also involves administering an effective amount of 
the recombinantit cells and/or peptides, preferably expressing an HPV epitopic 

15 region, to a patident suffering from a condition resultant from HPV infection. 

Generalljly, the recombinant cells and/or peptides of the present invention 
are administere<ed as a pharmaceutical composition comprising an effective 
amount of the nrecombinant ceUs and/or peptides and a pharmaceutical carrier. 
When administetered parenterally, the composition of the present invention is 

20 formulated in a i unit dosage injectable form (typically a solution, suspension or 

emulsion) in asissociation with a pharmaceutical carrier. Such carriers are 
inherenUy non-trtoxic and non-tiierapeutic. Examples of such carriers are normal 
saline, Ringer's s solution, dextrose solution and Hank's solution. Nonaqueous 
carriers such as 5 fixed oils and ethyl oleate may also be used. A preferred 

25 carrier is 5% d dextrose/saline. The carrier can contain minor amounts of 

additives such a as substances that enhance immunogenicity, isotonicity, and 
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chemical stabhility, for example, buffers and preservatives. Generally, carriers 
useful for sucich administration are well known in the art. 

Antiboodies and substantially whole antibodies raised to (induced by) 
recombinant ( cells and peptides of this invention as well as antigen combining 
5 sites preparetfed from such antibodies and anti-idiotypic antibodies prepared to 

these antibodidies and/or antibody fragments constitute still another embodiment 
of this inventition. Such antibodies are raised in mammalian hosts such as mice, 
rats, guinea pipigs, rabbits, horses and the like by immunization using the inocula 
described henreinabove, or monoclonal antibodies conjugated to carriers for the 
10 purpose of raiaising anti-idiotypic antibodies. 

In a p preferred embodiment, the antibody molecules of this invention 
include wholde antibody raised in mammals by immunizing them with inoculum 
containing ai recombinant cell and/or peptide or anti-peptide antibody as 
described herffeinabove. 
15 Antiboodies prepared against specific peptides of E6 and E7 will allow the 

examination o of ceDular homologs of E6 and E7. For example, peptides, such as 
peptide 359, c contain part of a binding region for a retinoblastoma gene product 
termed RB1035. Antibodies against such peptides may mimic RB105 and bind to 
cellular proteieins sharing sequence homology with E7. This identification of 
20 cellular homoiologs of E7 could potentially identify cellular proteins responsible 

for proliferatition, and ceUular proteins which may be normal ligands of RB105, 
The anti-idiot?types of such antibodies may mimic E7 and identify ligands other 
than RB105 oof E7 itself or the homologs, i.e., cell proliferation proteins. This 
can lead to iddentification of other cellular proteins which interact with cellular 
25 proliferation p proteins to either up or down-regulate proliferation, such as tumor 

suppressor prcroteins or transforming proteins. Similar studies can be applied to 
E6 and its ligaand p53 and other unknown ligands of either E6 or p53. 
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Rabbits J may be immunized with inocula containing 50 fig to 1.0 mg of 
recombinant celells and/or a peptide conjugate in complete Freund's adjuvant, 
and boosted twao or three weeks later with 10 /xg to 1.0 mg of recombinant cells 
or conjugated I peptide in incomplete Freund's adjuvant. Each rabbit 
5 immuniiation ccconsists of ten intradermal injections on the back, two of which 

are in the sub-b-scapular region and boosts in five sites, one being in the 
sub-scapular reggion. Rabbits were bled two weeks post-primary and one week 
(5-8 days) subosequent to the boosts. 

Sera coontaining immunologically active antibodies would then be 
10 produced from t the bleeds by methods well known in the art. These antibodies 

are immunoreacictive with one or more of the peptides of this invention. Such 
antibodies can tkhen be utilized by similar methodology to produce anti-idiotypic 
antibodies of onne or more peptides of this invention. 

Suitable i monoclonal antibodies, typically whole antibodies, can also be 
15 prepared using 1 hybridoma technology described by Niman et al. (1983) Proc, 

Natl. Acad, of SSci., USA SQ:4949, which description is incorporated herein by 
reference. Briefcfly, to form the hybridoma from which the monoclonal antibody 
is produced, a i myeloma or other self-perpetuating cell line is fused with 
lymphocytes obotained from the spleen of a mammal hyperimmunized with a 
20 recombinant cell 11 or peptide or antibody of the present invention. 

It is prefeferred that the myeloma cell line be from the same species as the 
lymphocytes, butit cross-species hybrids can be raised in nude mice. Typically, a 
mouse of the stnrain Balb/c is the preferred mammal. Suitable mouse myelomas 
for use in the preresent invention include AG-8 cells and NS-1 cells. 
25 Splenocyt/tes are typically fused with myeloma cells using a polyethylene 

glycol,' such as I PEG 1500 or PEG 6000. Fused hybrids are selected by their 
sensitivity to I HAT media (hypoxanthine, aminopterin, and thymidine). 



SUBSTITUTE SHEET 



wo 92/05248 



-30- 



PCT/L'S91/07081 



Hybridomas ] producing the antibcxly molecules of the present invention are 
identified usiring the enzyme linked immunoabsorbant assay (ELISA) described 
hereinafter. 

Monooclonal antibodies need not only be obtained from hybridoma 
5 supernatant, I but may also be obtained in generally more concentrated form, 

from ascites ; fluid of mammals into which the desired hybridoma have been 
introduced. ; Production of monoclonal antibodies using ascites fluid is well 
known and wwill not be dealt with further herein. 

Methaods are contemplated by the present invention for the inhibition and 
10 treatment of : HPV infection and conditions resultant from HPV infection in 

patients. 

In oneie embodiment, a method for the treatment of a condition resultant 
from HPV inhfection includes the administration to a patient of a therapeutically 
effective amoiount of a composition of the present invention for a time period 

15 sufficient to i inhibit the progression of the condition. Illustrative conditions 

include cervidcal warts and human cervical carcinoma, in which treatment with 
the compositition of the present invention prevents or retards the further 
progression otof the condition in the patient. 

A propphylactic method is further contemplated to inhibit tumor initiation 

20 in a patient fcfollowing the detection of HPV infection by which a therapeutically 

effective amaount of the composition of this invention is administered to the 
patient to elicicit a protective response that inhibits tumor initiation. Preferably, 
administratioiBn of an immunogenic composition containing the recombinant ceils 
and/or peptidides of the present invention elicits the recruitment of CD8+ T 

25 lymphocytes t that mediate the inhibition of tumor initiation in the patient. 

A metbthod for inhibiting HPV infection in a patient at risk for exposure 
to HPV is a also contemplated in the present invention. In this method a 



I iR.qriTUTE SHEET 



wo 92/05248 



-31- 



PCr/US91/07081 



sufficient amaount of an immunogenic composition containing the recombinant 
cells and/or ppeptides of this invention is administered to a patient to effectively 
elicit an immuainologically protective response in the patient to inhibit subsequent 
infection by HHPV. 

5 In a pnreferred embodiment, the immunogenic composition is a vaccine 

that when admriinistered immunized the patient against HPV infection. 

The preresent invention is further described by the following Examples 
which are intecnded to be illustrative and not limiting. 

EXAMPLE 1 

Preparation of the QRF Cnnstructs of E6 and E7 

15 A. E6 ' 

The £66 and E7 ORES were cloned from a pBR322 plasmid 
(pBR322/HPV/16) containing the entire HPV16 genome. The 630 bp Ddel 
fragment (bp## 25-654) contains the E6 ORE. The Ddel fragments were 
blunt-ended wirith the Klenow fragment of DNA polymerase and subjected to gel 

20 electrophoresis s in 3% NuSieve genetic technology grade (GTG) (FMC 

Bioproducts, I Rockland, ME) agarose. The 630 bp Ddel fragment was 
electrophoretica:ally transferred to NA45 DEAE (Schleicher & Schuel, Keene, 
N.H) paper, anjid eluted in high salt NET buffer (1.0 M NaCl, O.i mM EDTA, 
20 mM Tris ppH 8.0) extracted at 65° C with phenol and then chloroform, 

25 precipitated witith 2 volumes of 100% ethanol, and, then, the DNA pellet was 

resuspended in *i Tris-EDTA (TE) buffer (10 mM Tris-Cl, pH 7.5, 1 mM EDTA, 
pH 8.0). 

The vaciccinia expression vector utilized was pGS62 which is identical to 
pGS20 (Macketett et al. (1984) J. Virol. 49:857-864.) with the exception that an 
30 EcoRI site wa^as deleted from the plasmid, leaving only one EcoR site 
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downstream ■ of the Smal site. This vector was linearized with Smal, and 
dephosphoryVlated by treatment with calf intestinal alkaline phosphatase (CIAP) 
and gel puriftfied. Recovery of the fragment from the gel was performed as 
described fonr the E6 ORF from pBR322. The E6 ORF, plus untranslated 
5 sequences ofif 58 bp 5' and 98 bp 3\- was ligated to the pGS62 vaccinia 

expression wector downstream of the 7.5 k promoter. The recombinant ' 
plasmid, halving the structure indicated in HGURE 1, was isolated, 
characterized d and propagated by standard molecular biological procedures as 
described in i Maniatis, T, et al. (1982) in Molecular Cloninp: A Laboratory 
10 Manual (Coldd Spring Harbor Laboratory, New York) and Ausubel, F. M. et al. 

(1990) Curreient P rotocols in Molecular Biology (Greene Publishing Assoc. and 
Wiley Interscicience). 

The ccomplete HPV16 genome cloned in pBR322 was cleaved with TaqI 
and PstI and 1 subjected to electrophoresis. The 374 bp fragment containing the 
E7 ORF was 5 gel purified as described for E6. The pIC 20R vector (Marsh, 
J.L,, et al. (X1984) Gene 22:481-485) was cleaved with PstI and Clal and gel 

20 purified. Theie recombinant pIC 20R E7 plasmid having the indicated structure 

(FIGURE 2) ) was isolated, characterized and propagated as described above. 
The pIC 20RR E7 was treated with EcoRI and the fragment containing the E7 
ORF was purirified by gel electrophoresis. 

The va^accinia expression plasmid pGS62 was cleaved with EcoRI, treated 

25 with calf intetestinal alkaline phosphatase and gel purified as described. The 

recombinant F plasmid indicated in FIGURE 2 containing the E7 ORF and 56 bp 
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untranslated 5 T, and 24 bp 3* of the E7 ORF was obtained, characterized and 
propagated. 

C. 

5 Both rerecombinant vaccinia expression plasmids were expanded and 

purified by CsCsCl, ethidium bromide equilibrium centrifugation. 

EXAMPLE 2 

C onstruction of Recombinant Vac cinia Virus 

The clooning steps for either E6 or E7 ORFs were designed to insert the 
open reading frframes at a unique cloning site just downstream of a vaccinia virus 
15 transcriptional c control element (7.5 k promoter) which is expressed at both early 

and late times i after infection (Earl et al, (1990) J. Virol. 64:2448-2451). The 
ORFs are flanhked by the left and right arms of the vaccinia thymidine kinase 
(TK) gene to > facilitate homologous recombination with the vaccinia virus 
genome. 

20 Using tithe general method 'described by Mackett, M. et al. (1984) J. 

Virol. 42:857-8-864, die pGS62/E6 and pGS62/E7 were separately inserted into 
the vaccinia virirus genome within the thymidine kinase gene by homologous 
recombination. , The parental virus, v-NY, derived from the Wyeth smallpox 
vaccine (New YYork City Board of Health strain) was propagated in BSC40 cells 

25 after three plaqque purifications. Briefly, the chimeric plasmid was introduced 

into cells previ/iously infected by the parental type vaccinia virus. The TK 
region of the pblasmid is homologous to the TK region of the virus. The inserted 
plasmid recomb.bined, inserting the foreign gene into the vaccinia virus genome, 
rendering the ra-ecombinant vims TK". The TK" virus was selected in TK" ceUs 

30 grown in the presence of medium containing Sbromodeoxyuridine. The 
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recombinant t viruses were purifieii by three rounds of plaque purification and 
chimeric vinruses were identified by hybridization of the viral DNAs with either 
32p-LabeIled d E6 or E7 DNA purified from a bacterial vector. 

5 EXAMPLES 

Constructi on of Mammalian Expre^y nn 
Plasmids dCDM8/E6 and prnM^ /P7 

10 The HHPV 16 open reading frames (ORE) for E6 and E7 were separately 

cloned into tithe mammalian expression vector pCDM8 (Invitrogen, San Diego, 
CA) at theie Hind HI site downstream of the immediate early (IE) 
cytomegalovi/irus (CMV) promoter (FIGURES 1 and 2). The E6 ORE was 
subcloned by>y gel-purifying the BamHI, EcoRI fragment from the pGS62/E6 

15 Vaccinia viruais expression plasmid and ligating it into the BamHI, EcoRI cleaved 

pIC 20H plaasmid in order to obtain a Hind HI site at the 5* end of the E6 ORE 
for directionaal cloning into pCDM8. Plasmid pIC 20 H/E6 was digested with 
Hind Hr andd Xhol and the E6 ORE, along with untranslated sequences of of 
58bp that are:e 5* and 98bp that are 3* of the ORE, was gel-purified and ligated 

20 into the Hindid HI, Xhol-digested pCDM8 vector. The recombinant pCDM8/E6 

shown in EIOGURE 1 was isolated, characterized and propogated, as described 
herein above^. The colonies formed were screened by standard miniprep DNA 
purification i methods, followed by treatment of the DNAs with restriction 
endonuclease.'es. The combinations of enzymes were selected to yield diagnostic 

25 banding pattetems of the DNA fragments cloned in the correct orientation with 

respect to thoe direction of transcription, i.e 5' to 3'. Appropriate clones were 
amplified ancid their DNA purified by CsCl, ethidium bromide equilibrium 
centrifugatioran. 
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The £77 ORF was gel purified from pIC 20R/E7 as an EcoRI, Psd 
fragment and sisubcloned into pIC 20H at the EcoRI and PsU sites (FIGURE 2). 
The E7 ORF wwas removed from pIC 20H/E7 using Hind HI and PstI in order to 
introduce a Hiiind III site at the 5' end of the E7 ORF. The E7 ORF-containing 
fragment was i gel-purified and ligated into the Hind III, Pstl-cleaved pCDM8 
expression plasismid, along with 56bp untranslated HPV sequence 5' of the ORF 
and 24bp untraianslaied HPV sequence 3* of the E7 ORF, to produce pCDM8/E7 
shown in FIGUURE 2. Colonies were screened, amplified and the DNA purified 
as outlined abox)ve. 

EXAMPLE 4 

lansertion of a DNA Encoding an Epitopic Repon of an HPV 
Nucleoprotein into Epithelial or Fibroblast Cells 



15 A DNAA nucleotide sequence corresponding to at least one epitopic 

region of either;r the E6 or E7 nucleoprotein of human papilloma virus is insened 
into a mammaliJian expression vector and transfected into epithelial or fibroblast 
cells by the mmethods described in Example 3, hereinabove, using standard 
calcium phospbhate precipitation techniques followed by glycerol shock. The 

20 cells are then p^placed in G418-containing Iscove's Modified Dulbecco's medium 

(IMDM) (1 mgg G418/ml) after transfection. When colonies grow to a visible 
size, they are reremoved by using cloning rings, transferred to individual wells of 
24-well plates a and grown in tissue culture to higher numbers. Pan was stored 
in liquid nitrog(gen in 10% DMSO, 90% fetal calf serum and used for further 

25 studies. 



iQimSTITUTE SHEET 



wo 92/05248 



-36- 



PCT/US91/07081 



EXAMPLES 

RadioiminunoDrecipitation of E6 and E7 Ger^e 
Product from T^ ecombinant Vaccinia Vims Infection 

5 

Rabbitit antiserum against HPV16 E7, and HPV16 E6 TrpE fusion 
proteins were e prepared (al6E7NP and al6E6DS, respectfiilly) and provided by 
D, Galloway j as described in Jenison et al. (1988) J. ViroL 62:2115-2123. 

Rabbitit antiserum against HPV16 E6 was provided by D. Lowy (National 
10 Cancer Instituoite, Laboratory of Cellular Oncogloy, Bethesda, MA) as described 

. in Androphy eet al. 1987, EMBO 6:989. 

BSC400 monkey cells infected for 12 hours with a vaccinia recombinant 
virus of the ppresent invention or CaSki cervical carcinoma cells (obtained from 
the ATCC) ^ were labelled for 60 minutes in a 10 cm culture dish in 
15 methionine-freree medium supplemented with 5% dializyed fetal calf serum 

(FCS), 0.25 n-mCi of [35s]-methionine and 0.25 mCi of [35S]-cysteine, The cells 
were lysed in i 1 ml of lysing buffer (20 mM Tris-HCI, pH 7.4, 50 mM NaCl, 
0.5% Nonidetit P-40, 0.5% deoxycholate, 0,5% sodium dodecylsulfaie (SDS), 
0.1 trypsin irinhibitor unit/ml of aprotinin, and 1 mM EDTA) and briefly 
20 sonicated. 

The lyj^sate was prercleared by incubation at 4°C for 1 hour with 10 fd of 
normal rabbit t serum or vaccinia immune rabbit serum and protein A-Sepharose 
beads. After c centrifugation the beads were discarded. The cleared lysates were 
incubated withJi rabbit aE6 (D. Lowy) or E7 (al6E7NP) immune serum that had 
25 been preadsorirbed by incubation with unlabelled vaccinia virus lysate. Protein 

A-coated Sepbharose beads were then added to the mixture of immune rabbit 
antibody and i cell lysate, and incubated. After centrifugation the beads were 
washed twice ^ with RIPA buffer (10 mM Tris-HCl(pH 7.4), 0.15 M NaCl, 1% 
NP-40, 1% ddeoxycholate, 0.1% SDS, 0.1 trypsin inhibitor unit/ml of aprotinin) 
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and then cons<secutively with high-salt buffer (10 mM Tris-HCl(pH 7.4), 2 M 
NaCl, 1% NHP-40, 0.5% deoxycholate), low salt buffer (0,5% ^fP-40, 0.1% 
SDS in PBS), . 1 M MgCl2, 1 M Tris-HCl(pH 7.4) and RIPA buffer. 

The praoteins were released from the antibodies and beads by boiling for 
5 5 minutes in s;sample buffer and analyzed by 17.5% SDS-PAGE in comparision 

to prestained sistandard molecular weight markers. 

Autoraadiography of the gels demonstrated the presence of a band of 
about 17 kDaa molecular weight in the E6-vaccinia recombinant ly sates when 
anti-E6 rabbit s serum (provided by D. Lowy) was used to precipitate the lysates. 
10 (FIGURES 3 a and 4). No band was seen in the corresponding position in either 

lanes when theie precipitation was performed with normal rabbit serum or the 
lanes where vNNY lysates were precipitated with anti-E6 rabbit serum. 

Two varaccinia E6 recombinant plaques, 7.1 and 8.1 were expanded and 
analyzed with s similar results. 
15 When the E7-vaccinia recombinant lysates were analyzed by 

auioradiographhy, as described above, a band of 18-20 kDa was found upon 
precipitation wivith anti-E7 rabbit serum (al6 E7 NP). No band was seen in the 
corresponding position in either of the lanes where the precipitation was 
performed withh normal rabbit serum or the lanes where radiolabelled vNY 
20 lysates were pprecipitated with and-E7 rabbit serum. A pulse-chase study 

(FIGURE 5) ddemonstrated that E7 protein is degraded 2-6 hours after synthesis. 
Similar results J have been shown for the E7 protein in CaSki cells (D. Smotkin 
and F. Wettsteiein, (1987) J. Virol. 61:1686-1689) that carry the entire HPV16 
genome. The mmigranon of the E7 proteins appears identical to that seen in the 
25 CaSki lysate, ; suggesting that a full length gene product is made in the 

recombinant vaaccinia cells. 
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EXAMPLES 

Radioim niunoprecipitarion of theP.7 
Gene Produrt f rom Rernmhinant rOS Pplk 

COS r. monkey ceDs were transfected with the pCDM8/E7 plasmid of the 
present invenaition and grown in culture, for 48 hours. The cells were then 
labeUed withli 35s-Met and 35s.Cys as described in EXAMPLE 5 for CaSki 
ceUs. The cceUs were then partitioned into nuclear, cytosol and " membrane 
fractions as ddescribed in Sato et al. (1989) Virology 120:311-315. 

The pDroteins were released by boiling for 5 minutes in sample buffer, as 
described in EEXAMPLE 5, and analyzed by 17.5% SDS polyacrylamide gels in 
comparision tdo prestained standard molecular weight markers. Autoradiography 
of the gels < demonstrated the presence of a band at about 18 kDa upon 
precipitation v with anti-E7 rabbit serum. The results are shown in FIGURE 6. 

EXAMPLE? 

Western Blot Analysis 

The Western blot study of the immunogenicity of the E6 and E7 peptides 
was perform&ed using fusion proteins composed of TrpE linked to segments of 
the HPV16 EE6 or.E7 ORFs as described in Jenison et al. (1988) J. Virol. 
62:2115-21233. 

Brieflyy, fusion proteins were partially purified by means of their relative 
insolublKty mn nonionic detergents. A 50 ml induced bacterial culture was 
pelleted, susppended in 10 ml of Tris-EDTA buffer (50 mM Tris (pH 8.0)-5 mM 
EDTA) and diiigested at 0-4» C for 90 minutes with lysozyme (2 mg/ml). 

NaCl (.'(5.0 M) and 10% NP-40 were added to a final concentration of 0.3 
M and 0.7%,., respectively, and the mixture was maintained at 0-4''C for 30 
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minutes. The ; solution was passed through an 18-gauge needle three times to 
reduce its viscocsity, and was maintained at 0-4 **C for additional 30 minutes. 

The insGoluble fraction was peUeted at 16,000 x g at 4°C for 10 minutes, 
resuspended ini 10 ml of 10 mM Tris(pH 8.0)-1.0 M NaCl, and maintained at O 
5 to 4**C for 10 nminutes. The insoluble fraction was pelleted, as described above, 

resuspended inn 1.0 ml of Laemmli protein sample buffer (Laemmii (1970) 
Nature 222:6860) (10 ml 0.625 M TRIS pH 6.8, 20 ml 10% SDS, 20 ml 
glycerol, 2 ml I 2-mercaptoethanol, 1 ml 1,5% Bromophenol Blue (prepared in 
70% reagent aldcohol), 1 ml 1.0% Pyronin Y (Biorad Catalog No. 161-0425, or 
10 equivalent, preppared in H2O), and 36 ml deionized H2O) and heated to lOOX 

for 5 minutes. 

Fusion I protein preparations were separated by electrophoresis through 
10% polyacrylaiamide gels containing 0.1% sodium dodecyl sulfate (SDS). The 
fusion protein v was quantitated by visual inspection of Coomassie blue-stained 

15 gels. The voiuume of each quantity of insoluble protein fraction loaded per 6 

mm slot was adjdjusted to give a Coomassie blue-staining intensity equivalent to 5 
/ig of bovine se;erum albumin. Proteins were transferred to nitrocellulose in 25 
mM Tris-195 mmM glycine (pH 8.5)-20% methanol (Western transfer buffer) at 
100 mA for 16-18 hours. Blots were soaked for 10 minutes in 

20 phosphate-buffeKred saline containing 10 mM N-ethylmaleimide, incubated for 2 

hours in 5% noonfat dry milk, 0.9% NaCI, 0.1% Antifoam-A (Sigma Chemical 
Co., St. Louis, , Mo.), 0.1% sodium azide and 1 mM potassium iodide (blotto) 
and then incubatated for 1 hour in blotto containing- 10% fetal calf serum. 

Blocking g reagent was prepared from a 50 ml induced bacterial culture 

25 which was peileleied, resuspended in 3.6 ml of 50 mM Tris (pH 8.5), 5 mM 

EDTA, and soniiicated at 50 W for 20 seconds; 0.4 mi of 20% SDS was added, 
and the iysate v was heated to 100 C for 5 minutes. This reagent termed 
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"Blocko" wasis stored at (-20*C) in aliquots. To make the TipE protein sample 
run as a negatative control antigen for Western blots, the lysed induced bacterial 
culture contaiiining the vector (path 10) only was pelleted as described to make 
"Blocko". TTThis cell lysate was mixed 1:1 with 2X Laemmli sample buffer, 
5 boiled 5 minututes and run on gels to view the Tip control protein. 

To maiake blocking reagent, this mixture ("Blocko") was diluted 1:20 in 
blotto, and NITP-40, and sodium deoxycholate were added to a final concentration 
of 0.1% eachh. Rabbit sera were diluted 1:100 in 2.5 ml blocking reagent and 
preincubated i at 4° C for 8 hours. Nitrocellulose blots were then added, and 
10 incubation at < 4*C was continued for 16-18 hours. The blots were washed three 

limes in 0.5^% deoxycholate, 0.1 M NaCl, 0,5% Triton X-100, and 10 mM 
sodium phosp5)hate (pH 7.5) for 20 minutes per each wash. Goat anti-rabbit 
serum conju'ugated with alkaline phosphatase (Boehringer Mannheim 
Biochemicals,>, Indianapolis, IN) was added diluted 1:1000 in blotto. After a 2 
15 hour incubatidon at about 27**C, the filters were again washed three times and 

transferred to d the solution of substrate (TABLE 1) for 10 minutes or until color 
developed. TThe reaction was stopped by rinsing the filters in distilled water. 
The filters weiere dried and photographed. 
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TABLE 1 

WESTERN BLOT REAGENTS 

1 ox TRANSFER BUnFFER 2 LrTERS 

Trizmi fatK se (25 mM Tris) 60.53 g 

Glycine (1 .9.95 niM) 288.27 g 

Upon dilutiotion to IX, idd McOH to 20% of final volume. 

BLOTTO 4 LITERS 8 LITERS 



10 



15 Nonfil powdvdered milk (5 %) 200 g 400 £ 

NiCl(0.9%]%) 36 g 72 g 

Aiuifwm A h (0.1%) 12 mi 24 ml 

Sodium azidsde (0.1%) 4 £ 8 g 

Pouuium iD<iodide (1 mM) 0.664 g 1.33 g 

20 

WESTERN WASH 4 LfTERS 8 LITERS 

Deoxychoiic ic acid (0.5%) 20 g 40 g 

TriL3nX-IOO0O(O^%) 20 ml 40 ml 

25 NaCKO.lMM) 23.4 g 46.8 g 

1 M Sodium tn phoiphaie, pH 7.4 40 ml 80 ml 
(10 mM) ) 

(1 M •odiumm phoiphale - 268 g Na2HP047H20 (heal to dim«>lvc), approx. 4 ml 85% H3PO4 lo pH 7.4, j. 
30 ^ 1 

ALKALINE PHO SPHAtATASE SUBSTRATE 

Enough for 2 2 bloU. Mix «ftcr addition of each reagent. Protect from light; use within 1 hour. 



35 



AJkaline phoiosphaUK buffer 10 ml 

NET fubRrataie (50 mg/ml in 70% dimethyl formamide) 66 pi 

BCIP nibnratTBte (50 mg/ml in 100% dinicthylformamide) 33 ftl 

40 ALKALINE PHOSPHA'ATASE BUFFER 

1 M Trii, pHH 9.5 10 ml (100 mM Tria-HCI, pH 9.5) 

5 M NaCl 2 ml (100 mM NaCl) 

45 1 M MgCh 0.5 ml ( 5 mM MgCl2) 

Q.S. 10 100 m ml 

NET SUBSTRATE NiWiiro Blue Teinzoliura (Sigma) 
50 BCIP SUBSTRATE 3 E Bromo-4-chlQn>3-indoyl Phorohate (Sigrma) 
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EXAMPLE 8 
HPV Peptides 

Synthaetic peptides corresponding to specific regions of either the E6 or 
E7 nucleoprolDtein of HP VI 6 were synthesized. The specific peptides are listed 
in Table 2, anind correspond to the designated amino acid residues, read from the 
amino terminnus to the caitK)xy terminus, in the sequence of the E6 or E7 
proteins, as illUustrated in FIGURE 7. 

TABLE 2 



Amino 

15 PcEtidee E6 or E7 Acid Position 



359 E7 29-50 

360 E7 70-81 

361 E7 1-10 

357 E6 148-158 

358 E6 119- 134 

375 E6 8-20 

376 E6 1- 20 



EXAMPLE9 

Monoclonal Antibody Production 
30 XJ?in^ HPVT$ Peptides as Immuyiogen 

Twentjty micrograms of peptide 359 conjugated to keyhole limpet 
hemocyanin i (KLH) was emulsified in complete Freund^s adjuvant and 
administered J to mice subcutaneously and intraperitoneally. Approximately 3 
35 and 5 1/2 wweeks later, booster injections were given intraperitoneally in 

incomplete Frreund's adjuvant. Spleen cells were harvested after 3 days and 
fused witii thihe AGS myeloma line by standard hybridoma techniques, (see 
Milstein, supjpra.V Supemates from healthy clones were screened for the 
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presence of specifific antibody in ELISA assays using plates coated with thfe 
unconjugated peptitide at 500 nanograms per well in 0.1 M carbonate buffer. pH 
9.6. Goat anti-mciouse IgG conjugated to horse radish peroxidase (HRP) was 
added after 3 waashes, and substrate reactions were performed by standard 
ELISA methodolopgy. Two highly reactive clones (clones #10 and #14) were 
chosen for further r cloning and their supematants were titrated in the peptide 359 
ELISA with the nresult seen in HGUBE 8. Similarly, monoclonal antibodies 
have been prepareed against E6 pepddes 358 and 375 (data not shown). 



10 



EXAMPLE 10 

Pp ptirie - KLH Tmmiinogenin tv Studies 

Rabbits we-ere immunized by intradermal administration of 100 /ig of the 
peptide conjugateced to KLH, mixed with complete Freund's adjuvant. The 
animals were booosted three weeks later by intradermal administration of 50 
of the peptide connjugated to KLH, mixed with incomplete Freund's adjuvant. 

20 The rabbits were I bled three days after this boost. 

Sera was s stored at (-20»C). Rabbit antisera against Trp E-HPV fusion 
proteins were pr.repared as described in Jenison et al. (1988) J. of Virol. 
62:2115-2123, anind were provided by Dr. Denise Galloway (Fred Hutchinson 
Cancer Research ( Center, Seatde, WA). To eliminate antibodies directed against 

25 E. coli-encoded i proteins (including the Tip E portion of ti,e fusion proteins) 

sera were preabscsorbed against denatured lysates of I. cfiU which express vector 
(pATH) sequencces, using the Blocking reagent described in EXAMPLE 7 
hereinabove. 

Rabbit seieia were serially diluted and reacted in Western blot assays 
30 against Trp £-£66 and £7 fusion proteins. All anti-peptide sera were reactive 
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with the hommologous fusion proteins, demonstrating the immunogenicity of 
peptide conjugigates. The titer of antisera is expressed herein as the reciprocal of 
the highest dililution showing reactivity with the specific protein in Western blot 
analysis. Thoe titers of the various antisera are shown in Table 3 and the 
Western blots € of the titrations are seen in FIGURES 9 and 10, 



TABLES 

10 Rat)t)it ^ Sera Titer 



20 



4: 



0G57 (^E6) a3,200 100 

0358 (^E6) 102,400 a6,400 

0359 (5E7) a409,600 a409,000 
15 a360(^El) 1,600 

0361 (5E7) 800 

al6E7NNP 720,000 



016E6DDS 40,000 - 80,000 



Highest ;t reciprocal dilution showing positive staining of E6 or E7 band. 
Two titeters indicates two different rabbits were tested. 



The anmti-peptide 359 antiserum was the most reactive of the antisera 
25 tested in these© Western blots, having a titer of a409,600. The specificity of 

these reactions s were demonstrated by reacting two serum dilutions with both the 
homologous TJrp fusion protein and with the Trp control antigens in Western 
blots. The serra were found to be specific for the homologous fusion protein 
(FIGURE 11). L Titers for the anti-peptide 359 antisera were al,000,000 in this 
30 assay. 

Positive^e control rabbit sera (al6E7NP and al6E6DS) were prepared 
against Trp E-i-E6 fusion protein, pl6 E6 DS-2 (DramClll)-Sau3a(525)) and 
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against E7 fusidon protein, pl6 E7 NPI (Nsi I (562)-Psa(875)) respectively, and 
provided by D.). Galloway, Fred Hutchinson Cancer Research Center, Seattle, 
WA. 

5 EXAMPLE 11 

Trientifitation nf B Cell Enitnnes bv ELISA 

KLH coronjugated E6 and E7 peptides, as described in Example 10, were 
10 used in an ELISSA assay to determine whether they represent antigenic epitopes, 

recognized by s animals immunized with bacterially expressed HPV16 E6 or 
HPV16 E7 fusioion proteins. 

The thre<ee E7 peptides, described in EXAMPLE 8, were recognized by 
rabbit anusera ajagainst Trp E-E7 (al6 E7 NP) (provided by D. Galloway, Fred 
15 Hutchinson Canmcer Research Center, SeatUe, WA), as seen in Table 4. A 

monoclonal antidbody recognizing HPV16 E7 purchased from Triton Biosciences 
was mapped to tithe aminoterminal peptide 361. 



20 



TABLE 4 

Titer* of antisenrum tested in EUSA against KLH-conjugated peptides from the 
E7 open reading g frame. 

25 mcAb Triton 

Peptide al6E7NP Bioscience 

359(23 29.9-50) I'^OO < 100 

360(aa7aO-81) 6.400 < 100 

30 361(aa l-:-10) 12.800 al2.800 

* Titer was detetermined as the reciprocal of the highest serum dilution showing 
four-fold hipgher ELISA values than background. Background was 
determined u-using normal rabbit serum at 1:100 on the same pepude-coaied 
35 plates. — — 
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Two ] peptides from the E6 sequence (357 and 358) were similarly 
studied. Theie results are shown in Table 5 for use of two different anti-E6 
antisera. Pepptide number 358 is reactive with HPV16-E6 (Lowy) at a serum 
dilution of 1:'.:400, while al6E6DS has a lower reactivity (1:100). Peptide 357 
was weaKy rtrecognized by al 6E6DS at a 1 : 100 serum dilution. 

TABUE5 

5S rladin^ ? f^e^^"* ^"^"^ ^^^"^^ KLH-conjugated peptides of the E6 



15 £g2liddg «16E$DS aHPV16-gfirTowy) 

357(aaia 148-158) ' 100 <ioo 

2Q 358(aaia 119-134) 100 400 

* 5^4^i *?f^ determined as the reciprocal of the highest dilution showing 
• background values, with background determined ^ 

m Table 4.k 

25 

EXAMPLE 12 

30 Recognition of Native ]=7 Protein "Rv 

Anti-Peptidp. Anti^pp 

Rabbitits were immunized with E7 peptides, as described in Example 8, 
according to t tiie method of Example 10 and as assayed by RIP. The results 
35 shown in HGGURE 12 illustrate tiie recognition of the E7 peptide by anti-E7 

peptide antiscsera. Antisera from rabbits immunized with peptide 359, 
corresponding g to amino acid residue 29 to 50 of E7, recognized the native E7 
protein in vaccinia recombinant lysates as determined by 
radioimmunopprecipitation. 
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EXAMPLE 13 

Reverse Transc riptase-Pnlvmerase Chain Reaction 
Analysis of RNA 

5 

Twenmty-four clones each of the M2 murine melanoma cells and NCTC 
2555 librobblast cells that were transfected with the pCDM8/E7 plasmid as 
described in i Example 3, hereinabove, were examined by RNA dot blot assay. 
Three of thesse clones which gave positive signals were then further examined by 
10 reverse transtscriptasepolymerase chain reaction (RT-PCR) analysis. 

Cytopplasmic RNA from these transfected cells were isolated as described 
in Ausubel { et al. (1989) in Current Protn col in MnlPmiar Rininpy , Greene 
Publishing A!\ssociates. 

Typicical primer extension-RT of cytoplasmic RNA to synthesize first 
15 strand cDNAA was used, together with PGR to ampUfy the cDNA. One pig of 

the cytoplasrsmic RNA was used as a template for the amplification reactions. 
The fint stiaand cDNA was synthesized by using murine leukemia virus reverse 
transcriptase i (Life Sciences). 

RT bouffer containing denatured RNA samples, 1 /xg denatured random 
20 hexamer, 1 nmM of each deoxynucleotide triphosphate (dNTP), 10 mM sodium 

pyrophosphatite, 5 mM dithiothreitol, 10 units of RNasin (Promega, Madison, 
WI) and 18 I units of murine leukemia reverse transcriptase was maintained for 
one hour at 442''C, and subsequenUy denatured at lOO'C for 10 minutes. The 
supernatant wwas used for PGR. 
25 The oligonucleotide primers used for PGR were 

HPVA22:5'-(-GCATGGAGATAGACCTAGATrG-3' and HPVA20: 5' 
-TGGTnCTTGAGAACAGATGG-3" (DNA Factory, San Diego, CA). The 
cDNA fragmments of 292 bp were amplified. The PGR reaction mixture 
(GeneAmp DDNA amplification Reagent Kit, Perkin Elmer Cetus, Norwalk, CT) 



SUBSTITUTE SHEET 



wo 92/05248 PCr/US9 1/07081 

-49- 



contains 200 /iftM dNTP, 1 /xM primer HPV A22 and HPV A20, various cDNA 
synthesized by / RT and 2,5 units of Taq polymerase. One ng of pCDM8/E7 
plasmid was usised in the PGR as a positive control. PGR (denaturation at 94 ''C 
for 1 minute, J annealing at 50*C for 2 minutes and extension at 72*C for 3 
5 minutes) was p^erfomed by a DNA Thermal Cycler (Perkin Elmer Cetus) in 33 

cycles and 20 h^lI of PGR products were fractionated by eiectiophoresis on a 4% 
NuSieve agarosjse gel (FMC Bioproducts, Rockland, ME) stained with ethidium 
bromide. 

The resuults shown in FIGURE 13 illustrate that the PGR products from 
10 three transfectaants (E7G3, N7,2 and N7.4) display the predicted 292 bp DNA 

fragments. ThTie parental cell lines (melanoma and NGTG 2555 fibroblasts 
cells), however,r, do not display these fragments. 

When tkhe mRNA isolated from these transfectants was pretreated with 
DNase-fiee RNNase before RT-PGR, the PGR product did not display these 
15 fragments, as mfnonitored by gel electrophoresis. 
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EXAMPLE 14 

Tumor Induction and Regression 



The abilility of immunization with HPV transfected cells to protect against 
tumor developn-:ment was studied in female G3H/HeN mice, 6-10 weeks old 
(Gharles River EBreeding Laboratories). 

Groups oof 5 mice each were injected intraperitoneally with a non-tumor- 
25 igenic transfectaiant, derived from NGTG 2555 fibroblast cells, expressing either 

an HPV-E6 or -E7 epitope and expressing a high level of 
major-histocomppatibility complex CMHG) class I antigen. The mice were then 
challenged by suiubcuianeous administration of a tumorigenic dose (4 x 10^ cells) 
of M2 melanomjia cells transfected with HPV16 E7 (E7G3) on the shaved right 
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Injectioion of C3H/HeN mice with E7C3 cells produced tumors in the 
mice. When i interferon was concurrently administered to these mice, quick 
regression of t the tumors occurred; however, interferon administered to mice 
injected with thhe non-transfected M2 cells did not inhibit tumor development. 
5 Studies s in nude mice showed that functional T cells are needed for tumor 

regression to ooccur. Tumors developed in nude mice in response to inoculation 
with either tranmsfected or non-transfected M2 cells. The results of this study are 
shown in Tablde 7. Further, the presence or absence of interferon had no effect 
upon tumor de\evelopment in nude mice, 

10 





TABLE 7 








PROGRESSIVE 


INOCUULUM 


MICE 


TUMOR GROWTH 


M2f2 


C3H/HeN 


Yes 


M2 + Intoterferon 


C3H/HeN 


Yes 


E7CC3 


C3H/HeN 


Yes 


E7C3 + Mnterferon 


C3H/HeN 


No 


M2I2 


Nude 


Yes 


E7CC3 


Nude 


Yes 


E7C3 + Mntcneron 


Nude 


Yes 


M2 -1- Intoterferon 


Nude 


Yes 
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EXAMPLE 15 

CDS + T Lymphocyte 
Mediation of Tumor Regression 

30 

C3H/HeleN mice were immunized with NCTC 2555 derived 
non-tumorigenidc fibroblasts transfected with HPVI6 E7 (N7.2). These mice 
were then eachh injected intraperitoneally with 1.0 ml of PBS-diluted ascites 
fluid containing g 1 mg of an anti-CD8 monoclonal antibody (clone 116-13.1 
35 IgG2A from A\TCC) to deplete the CD8+ T lymphocytes. Control mice 
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We Claim : 

1. A compposition comprising an immunogenic peptide that substantially 
corTespoK)nds to the amino acid residue sequence of a peptide expressed in 

5 a mammmalian cell in response to human papilloma virus infection. 

2. The commposition of Claim 1, comprising a recombinant cell containing a 
gene encicoding said peptide. 

10 3. The comnposition of Claim 2, wherein said recombinant cell is a virus. 

4. The commposition of Claim 3, wherein said virus is a vaccinia virus, 

5. The comnposition of Claim 2, wherein said recombinant cell is selected 
15 from the e group consisting of epithelial cells, fibroblasts and MHC class I 

positive 1; lymphocytes. 

6. The compposition of Claim 2, wherein said recombinant cell is a tumor 
cell. 

20 

7. The comnposition of Claim 2, wherein said gene encodes a peptide 
substantiaially corresponding to a region of the E6 nucleoprotein. 

8. The comjnposition of. Claim 2, wherein said gene encodes a peptide 
25 substantiaially corresponding to a region of the E7 nucleoprotein. 



SUBSTITUTE SHEET 



wo 92/05248 



•54- 



PCT/US91/07081 



9. The ccomposition of Claim 1, wherein said peptide comprises an epitopic 
region n of the E6 protein. 

10. The ccomposition of Claim 1, wherein said peptide comprises an epitopic 
region n of the E7 protein. 

11. The ccomposition of Claim 4, comprising a recombinant vaccinia virus 
contairining a gene that encodes and expresses an epitopic region of an E6 
nucleopprotein of human papilloma virus. 

12. The ccomposition of Claim 4, comprising a recombinant vaccinia virus 
contairining a gene that encodes and expresses an epitopic region of an E7 
nucleopprotein of human papilloma virus. 



15 13, The ccomposition of Claim 4 comprising a recombinant vaccinia virus 

contairining a region of a gene of human papilloma viruses that induces 
the exppression of an immunogenic peptide in a mammalian cell. 



10 



20 



14. The ccomposition of Claim 6, wherein said tumor cell comprises a 
recomhbinant mammalian cell containing a region of the E6 gene of 
human n papilloma virus that encodes and expresses an epitopic region of 
an imnmungenic peptide by said mammalian cell. 



15. The coomposition of Claim 14, wherein said mammalian cell is a human 
25 ceil. 
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16. The conmposition of Claim 6, wherein said mammalian cell comprises a 
recombbinant human cell containing a region of the E7 gene of human 
papilloiDma virus that encodes and expresses an epitopic region of an 
immunaogenic peptide by said melanoma cell. 

5 

17. The CQomposition of Claim 16, wherein said mammalian cell is a cell 
selected^ from the group consisting blood cells, fibroblasts, and epithelial 
cells. 

10 18. A methdiod of treating a condition resultant from human papilloma virus 

infectioon comprising: 

2 administering to a patient a therapeutically effective amount of a 
c composition, comprising a peptide that substantially corresponds 
tto the amino acid residue sequence of a region of a peptide 

15 e expressed in mammalian ceUs in response to a human papilloma 

V virus infection, for a time period sufficient to inhibit the 
p progression of said condition. 

19. The meiethod of Claim 18, wherein said composition comprises a 
20 recombijinant cell containing a region of an E6 gene of human papilloma 

virus thiiat induces the expression of an immunogenenic peptide in a 
mammalalian cell. 



25 



20. The metfcthod of Claim 19, wherein said cell is a vaccinia virus. 

21. The meiethod of Claim 18, wherein said composition comprises a 
recombirinant cell containing a region of an E7 gene of human papilloma 
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vinis t that induces the expression of an immunogenic peptide in a 
mammaialian cell. 

22. The meiethod of Claim 21, wherein said cell is a vaccinia virus. 

23. The meiethod of Claim 18, wherein said condition is a cervical wart. 

24. The mffiethod of Claim 18, wherein said condition is a human cervical 
carcinoioma. 



10 



25. The meiethod of Claim 18, wherein said method inhibits the proliferation 
of cellsis infected with human papilloma virus. 

26. A propiphylactic method to inhibit tumor initiation of cells following the 
15 detectidon of human papilloma virus infection comprising: 

; administering to a patient a therapeutically effective amount of a 
( composition, comprising a peptide that substantially corresponds 
1 to the amino acid residue sequence of a peptide induced in a 
J mammalian cell by human papilloma virus infection to elicit a 
] protective response in said patient that inhibits tumor initiation of 
; said virus infected cells. 



27. The maiethod of Claim 26, wherein said composition comprises a 
recombbinajit cell containing a gene encoding said peptide. 

25 

28. The maethod of Claim 27, wherein said recombinant cell is a vaccinia 
virus. 
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29. The metbthcxl of Claim 27, wherein said recombinant cell is selected from 
the groiDup consisting of epithelial cells, fibroblasts and MHC class I 
positive i lymphocytes. 

5 

30. The metithod of Claim 26, wherein said peptide comprises an epitope of 
the E6 nmucleoprotein of human papilloma virus. 

31. The mettthod of Claim 26, wherein said peptide comprises an epitope of 
10 the E7 nmucleoprotein of human papilloma vims. 

32. The metlthod of Claim 26, wherein said peptide comprises a mammalian 
peptide ii induced by a region of a human papilloma virus gene. 

15 33. A reconmbinant cell containing a gene encoding a peptide that 

substantidally corresponds to, an amino acid residue sequence of a peptide 
expresse<id in a mammalian cell in response to human papilloma virus 
infectionji. 

20 34. The recocmbinant cell of Claim 33, wherein said peptide is expressed as 

an epitopipic region by said cell. 

35. The reconmbinant cell of Claim 33, wherein said cell is a vaccinia virus. 

25 36. The recorombinant cell of Claim 33, wherein said cell is an epithelial cell. 

37, The reconmbinant cell of Claim 33, wherein said cell is a tumor cell. 
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38. A pepiptide comprising a sequence of about 8 to about 30 amino acid 
residuaes substantiaUy conesponding to a region of a protein of human 
papillonma virus. 

5 

39. The peeptide of Qaim 38, wherein said region is an epitopic region of 
said pnrotein. 

40. The poeptide of Claim 38, wherein said protein is the E7 protein of 
10 HPVlfie. 

41. The poeptide of Qaim 40, corresponding to the amino acid residue 
sequenmce from about residue 1 to about residue 10 in the E7 amino acid 
sequenoice of Figure 7. 



15 



20 



42. The peeptide of Claim 40, corresponding to the amino acid residue 
sequencice from about residue 29 to about residue 50 in the E7 amino acid 
sequeneice of Figure 7. 

43. The poeptide of Claim 40, corresponding to the amino acid residue 
sequencice from about residue 70 to about residue 81 in the E7 amino acid 
sequencice of Figure 7. 



44. The peieptide of Qaim 40, wherein said protein is the E6 protein of 
25 HPV166. 
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45. The pe)eptide of Claim 44, corresponding to the amino acid residue 
sequenace from about residue 1 to about residue 20 in the E6 amino acid 
sequencice of Figure 7, 

5 46, The pe]eptide of Claim 44, corresponding to the amino acid residue 

sequencice from about residue 8 to about residue 20 in the E6 amino acid 
sequenace of Figure 7. 

47. The pejeptide of Claim 44, corresponding to the amino acid residue 
10 sequenace from about residue 119 to about residue 134 in the E6 amino 

acid seqquence of Figure 

48. The pepptide of Claim 44, corresponding to the amino acid residue 
sequencce from about residue 148 to about residue 158 in the E6 amino 

15 acid seqquence of Figure 7. 

49. A methnod of inhibiting human papilloma virus infection in a patient 
comprisising: 

aiadministering a sufficient amount of a immunogenic composition 
20 tao a patient to effectively elicit an immunologically protective 

rcresponse in said patient to an infection by human papilloma virus, 
S£said immunogenic composition comprising a recombinant cell 
cccontaining a gene encoding a peptide that substantially 
ccoiresponds to an amino acid residue sequence of a region of a 
25 p^eptide induced in a mammalian cell in response to a human 

poapilloma virus infection, said peptide or a combination thereof. 
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50. The method o of Claim 49, wherein said recombinant ceU is a virus. 

51. The method i of Claim 50, wherein said virus is a vaccinia virus. 

52. The method d of Claim 50, wherein said recombinant cell is selected from 
the group oconsisting of epithelial cells, fibroblasts and MHC class I 
positive lynmphocytes. 

53. The methodKi of Claim 49, wherein said peptide comprises an epitopic 
region of ann E6 nucleoprotein of human papilloma virus. 

54. The methood of Claim 49. wherein said peptide comprises an epitopic 
region of aan E7 nucleoprotein of human papilloma virus. 

15 55. An antibodKiy molecule capable of competing with a peptide, expressed in 

response trto an HPV infection, for a receptor for said peptide. 

56. -me antiboody of Claim 55, wherein said peptide comprises a region of 
the E7 prff otdn of HPV . 



10 



20 



25 



57. The antiUbody of Claim 56, wherein said antibody molecule is an 
anti-idiot)typic antibody to said peptide. 

58. The antikibody of Qaira 57, wherein said peptide corresponds to the 
amino acacid residue sequence from about residue 29 to about residue 50 
in the £27 amino acid sequence of Figure 7. 
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The anintibody of Claim 55, wherein said peptide comprises a region of 
the E6 6 protein of HPV. 

The anintibody of Claim 59, wherein said antibody molecule is an anti- 
idiotypipic antibody to said peptide. 
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Figure TA 
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Figure 2A 
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Figure 6 
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Figure 13 
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Figure 15 
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